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In Issue 3 1999 (May/June) we examined the sea-change that had occurred in GaAs handset components. 
The "battleground" had been transformed by the accelerated market penetration of InGaP compared to 
AIGaAs HBT devices. Since then the battle has intensified. More devices from more suppliers contest the 
choice slots in what will have become a US$9.4bn GaAs electronic device market by 2004. 
T 
his year over a dozen com- 
mercial HBT-based MMIC de- 
vices have been launched. 
AIGaAs and InGaP are roughly 
evenly represented, but the accent 
is increasingly on the latter. 
However, behind the scenes 
A1GaAs continues to lead the mar- 
ket in volume terms thanks to cus- 
tom MMIC designs from the major 
handset makers. These devices will 
appear in due course as standard 
components  on the open market. 
Today the CcaAs market is an es- 
tablished mnlti-billion dollar busi- 
ness with many players and new 
participants joining all the time. 
According to the 3rd edition of the 
Elsevier report GaAs Electronic 
Materials & Devices, this year the 
total global market for GaAs MMICs 
was worth US$3.6bn, but it is grow- 
ing at over 25% per annum and will 
have reached nearly US$9.5bn by 
2004 (see Figure 1). However, the 
market may yet fall short of fnlfiU- 
ing its full potential because the in- 
dustry cannot manufacture enough 
devices to meet demand. 
The telecom sector is the largest 
consumer of GaAs electronic de- 
vices in the industry: around a half 
of the market. As far as devices are 
concerned the trend moves inex- 
orably towards more highly integra- 
ted MMIC solutions. Discrete device 
share has fallen significantly over 
the period 1995-2000 and will con- 
tinue to do so.The question of whe- 
ther and how much to integrate is 
still a key issue, involving a number 
of complex trade-offs in perfor- 
mance, price, and design flexibility. 
RFIC share 
GaAs microelectronlcs is an attrac- 
tive business becoming even more 
competitive. The strong growth ar- 
eas within this business are expect- 
ed to be principally in MMICs 
especially for mobile communica- 
tions and wireless applications. 
Handsets, the principal focus of this 
article, are designated as telecom 
products but have taken on many 
of the characteristics of consumer 
products (see Crystal Gazing in 
this issue). Handsets have moved 
on from voice-only functions to add 
messaging, Internet-access, and GPS 
for example. Thus the dividing line 
between strictly telecom-only func- 
tion and that of data processing is 
less easy to define. 
The handset market is growing 
by over 50% a year but is notable 
for its extreme pricing pressure. RF 
applications in mobile communica- 
tion handsets are expected to con- 
tinue to be one of the largest 
volume applications (by value) for 
GaAs analog devices. GaAs RFICs 
have taken more than 50% of the 
wireless RF front-end components 
market share.This is a good market 
to be in, given that the cell-phone 
business continues to experience 
growth which exceeds most ana- 
lysts' expectations.As the operating 
frequencies rise and more func- 
tions go on-chip, GaAs technology 
will continue to fred favour. Silicon 
BiCMOS is a competitor, with SiGe 
BiCMOS likely to be important 
over the longer term. But, due to 
their higher number  of mask steps, 
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Figure 1. Breakdown by application area of the worldwide GaAs MMIC market for (a) 2000 and (b) 2004. 
Other Auto Computer 
1% 5% 5% 
Consumer 
26% 
Mil/Aero maustrial 
4% 
6% 
IIl-Vs Review • Vo1.13 No. 6 2000 0961-1290/00/$ - see front matter© 2000 
30  Elsevier Science Ltd. All rights reserved. 
Focus  on  Te lecoms 
these might be more expensive 
than GaAs. Overall, GaAs looks the 
better solution for the required 
high functionality, mixed-signal ca- 
pability and high efficiency at low- 
voltage operation.This especially 
true given the improved mass pro- 
duction leading to cheaper devices 
with no compromise on perfor- 
mance. "High-volume 150 mm 
GaAs manufacturing of E-mode 
pHEMT and InGaP HBT technolo- 
gies is one of the keys to continu- 
ing to push GaAs manufacturing 
costs down", says Dr Mark Wilson, 
Advanced Device Engineering 
Manager at Motorola's CS-1 GaAs 
wafer fab in Tempe,AZ, USA. 
However, such is the continuing 
diversity of systems and require- 
ments that no one single technolo- 
gy looks likely be able to dominate 
for long. All are continuing to con- 
tribute. To further expand the en- 
velope of possible technology, 
solutions are also likely to include 
SiGe, silicon-on-insulator and other 
semiconductors such as gallium ni- 
ti lde and silicon carbide. But these 
will be over the longer rather than 
the shorter term. 
Much effort is being put in 
place to capitalise on the surge of 
demand for HBT-based devices by 
merchant and captive vendors. 
Looking at the supplier situation it 
is pretty evenly split in terms of in- 
stalled capacity. Kopin has the 
largest single installed capacity for 
MOVPE epiwafers for InGaP 
MMICs. Similarly RFMD has the 
world's largest installed capacity 
for MBE AIGaAs HBTs. 
As Matt Micci, vice president of 
GaAs Sales & Marketing at Kopin 
points out: "Our informal surveys 
indicate that HBT technology con- 
tinues to gather market momen- 
tum. Certainly, the number  of 
vendors providing HBT circuit so- 
lutions, especially for second-gen- 
eration InGaP HBT, continues to 
grow. Unless another technology 
can offer a compell ing advantage 
that differentiates it from HBT, we 
believe that HBT market share 
growth will accelerate". 
3G drivers 
In the three years since the previ- 
ous edition of the report, wireless 
communications market has con- 
tinued to exert its domination of 
the market. The cellular/personal 
communicat ion service (PCS) cell- 
phone business is looking to expe- 
r ience a further boost with Third 
Generation (3G) wireless phones. 
GaAs MMICs are expected to be re- 
quired in volume for these >2 GHz 
applications. 
"While there are great hopes for 
the 3G market o really take off this 
Christmas", said one industry ob- 
server. "It is more realistic to ex- 
pect the year of the WAP phone to 
be 2001. While the handsets are 
available, the infrastructure has still 
to be fully upgraded to handle 
higher data rates.There is also a re- 
quirement to 'educate' not only the 
users as to what they can do with 
the phones but also the 'providers' 
as to the means to put up the infor- 
mation for the users to view.At pre- 
sent the amount of web sites 
accessible to WAP phones is minis- 
cule compared to that via PCs". 
The handset business has un- 
doubtedly been the engine for the 
spectacular growth of the GaAs 
MMIC market.And the industry has 
high hopes that the business is on 
the verge of re-inventing itself with 
3G. In comparison, with CD player 
consumer products or a laptop, the 
usable life of the average handset is 
now weeks rather than years. This 
translates directly into continuing 
massive demand for devices. 
Currently, the subscriber base 
for cell phones has reached the 
300 million mark. Ericsson says 
there will be 600 million sub- 
scribers by the end of 2001 while 
Nokia predicts a billion by mid- 
decade. But, before 3G takes off, 
suppliers are fulfdling the need for 
multi-band phones for internation- 
al roaming. While Iridium - the 
world's only truly international 
phone - has been a failure, "world 
phones" are proving popular. In re- 
sponse, many of the leading device 
suppliers have launched the GaAs 
components  without which these 
handsets would not be commer- 
cially practicable. 
For example, ANADIGICS is 
shipping power  amplifiers (PAs) to 
support Ericsson's award-winning 
A1228d TDMA mobile phone.This 
tri-mode, multi-band wireless hand- 
set uses ANADIGICS' high-efficien- 
cy PAs to deliver up to 4 hours of 
tal l  time with a standard ultra-slim 
battery. "As a result of our close re- 
lationship with Ericsson, we con- 
tinue to gain important design 
wins in industry-leading digital 
phones such as the A1228d," says 
Dr. Bami Bastani, ANADIGICS' 
President and CEO. "PA efficiency 
is the foremost determinant for 
tal l  time and is critical for the suc- 
cess of a phone model in the high- 
ly competit ive wireless handset 
market. Our high-efficiency PA so- 
lutions maximise talk time, en- 
abling our customers to secure a 
larger share of market and further 
satisfy the insatiable consumer de- 
mand for mobility". 
Like its competitors, ANADIG- 
ICS continues to aggressively de- 
velop a complete portfolio of HBT 
PA MMICs to serve the digital wire- 
less standards. By integrating all of 
the necessary passive components 
in a fully matched module pack- 
age, such products provide the req- 
uisite time-to-market and ease-of- 
use in a compact form. 
Motorola's Semiconductor Pro- 
ducts Sector has had great success 
in designing and manufacturing a 
custom tri-band pHEMT PA for a 
very popular GSM tri-band cell 
phone. Usage of this PA has also 
expanded into other new and in- 
novative dual-band and tri-band 
communication products. 
Higher data rates 
"Certainly, the handset market is 
the major one for our Wireless 
Communications Division," says 
Rob Hamilton of TilQuint Semicon- 
ductor. "We are currently in most 
CDMA/TDMA/AMPS handsets. We 
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are planning a major push for 
transmit and receive MMICs for all 
the wideband applications which 
will include GSM, since the higher 
data rates will drive up perfor- 
mance requirements on the RF 
parts. As GaAs comes more and 
more into play, TriQuint is ready 
with both standard MESFET and 
advanced pHEMT and HBT pro- 
cess-based devices, all of which Tri- 
Quint currently has in production". 
But 3G phones will only be a 
practical commercial success if 
higher-pei'formance components 
are available.This has placed a new 
stricter regimen on GaAs device 
producers. It may even result in 
the re-emergence of the HEMT. 
TriQuint is not alone in think- 
ing that WAP and wideband/data 
phones are just the ticket to keep 
GaAs-based devices in the spot- 
light for handset applications. 
"Higher-efficiency modulation 
schemes will drive the amplifier 
linearity, switch isolation and 
tighter noise figure requirements, 
making it difficult for SiGe and sili- 
con to compete, especially given 
the ease of realising passives on- 
chip with GaAs.At the moment he 
only unknown is the T/R function. 
Should it be via a module or by a 
single-function device approach? 
Each has its own disciples." 
With every new subscriber 
needing at least one phone, many 
existing subscribers will want to 
continue to upgrade with new ones 
over this period.Annual production 
of handsets has reached 250 million 
units; Ericsson says this could have 
doubled to 500 million units soon. 
Regarding the GaAs contribution, 
the average handset (value US$75) 
breaks down as follows: 
* Power amplifier US$3 
* LNA and downconverter US$1.50 
* PA driver amp US$1 
* T/R switch US$1. 
In other words, the GaAs MMIC 
value per phone is US$6.5, i.e. 
about 9%.Taking the annual produc- 
tion figure of 250 million units, that 
equates to US$18.75bn. This means 
that the GaAs value is US$1.7bn, i.e. 
Figure 2. Diagram ~ndicating how the total 
unit cost of a handset breaks down by com- 
ponent (where area is proportional to cost). 
approaching half of the total tele- 
corns GaAs device market. 
Silicon impacts 
Traditional BiCMOS, CMOS, SiGe, 
and bipolar processes are being 
pitted against each other. Due to its 
role in the baseband sector, the 
overwhelming leader in the market 
today is CMOS (the dominant de- 
vice technology in the computer 
industry) which still represents 
over 70% of the telecoms market. 
But considerable gains are expect- 
ed on the part of SiGe, particularly 
in the IF sectors of wireless de- 
vices. SiGe will be less successful 
in the power amplifier sector, 
mainly because of power-added ef- 
ficiency of GaAs devices. 
SiGe will be particularly attrac- 
tive as manufacturers begin to im- 
plement Bluetooth and GPS 
functionality in their devices. 
According to Ottawa-based SiGe 
Microsystems, SiGe devices are do- 
ing very well: "We now have seven- 
ty staff, in three sites across Ottawa 
plus two international offices [re- 
cently opened in Cupertino, CA, 
USA and Cambridge, UK] and sev- 
eral customers have placed multi- 
million dollar orders. 
"SiGe technology is penetrating 
GaAs territory in low-power, low- 
noise, higher-linearity areas. The 
market place could be described as 
a mosaic: vendors pick from Si-only 
bipolar, bipolar- and BiCMOS-SiGe 
as well as GaAs HBT and MESFETs 
where they need the performance. 
So far SiGe is winning a sizable 
piece of the business from the tra- 
ditional strongholds of GaAs such 
as power amplifiers, CDMA and 
Fiber Channel ICs". 
Compared to analogue systems, 
the new digital standards place 
much more severe demands on 
semiconductor suppliers to deliver 
parts capable of low-power con- 
sumption for increased talk and 
stand-by time, and compactness and 
decreased weight for greater porta- 
bility. Components must perform 
well up to 2.5 GHz, have 3V low- 
current capability, surface-mount 
plastic packaging, and be available 
at low prices in high volumes. 
HEMT vs HBT 
It is still a matter of conjecture as to 
whether PHEMTs can be cost-com- 
petitive with HBTs. Between HEMTs 
and MESFETs, epitaxy is now the 
major cost factor. In an industry 
used to the excellent economics of 
ion-implanted MESFEFs, epi-based 
higher performance PHEMTs are 
less attractive. PHEMTs are smaller 
die in comparison to MESFETs and, 
although epiwafers have a price 
premium, device processing has 
fewer steps. It is thus not easy to 
place an advantage in one or anoth- 
er camp, so much depends on actu- 
al quantities ordered. In fact, the 
industry has been known to use 
PHEMT-type devices in lower-per- 
formance systems o as to accrue 
improved overall economics. 
TriQuint is among companies 
planning to introduce a low (but 
still negative) pinch-off voltage D- 
FET pHEMT process. "We will have 
devices in the near future. There is 
a little hit on efficiency, but much 
higher yields and simpler process- 
ing. This should be available by the 
second quarter next year". 
A key trend is the development 
of enhancement-mode (E-mode) 
technology, i.e. a FET requiring no 
drain switch, one which gives per- 
formance approaching that of 
HBTs. Earlier devices were deple- 
tion-mode and so needed anegative- 
voltage-generating circuit hich turns 
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off the device plus a drain switch to 
eliminate stand-by current. These 
other components are not needed 
by E-mode devices nor by HBTs. 
This is a benefit for the latter de- 
vices because having them increas- 
es system cost, die area, board space 
plus extra design and engineering. 
There are a number  of applica- 
tions where this is a big advantage, 
and over the past two years many 
companies have been developing 
products based on E-mode FETs, in- 
cluding Motorola, Fujitsu, NEC and 
Alpha Industries. 
"Following the trend of size re- 
duction in telecom handsets, the 
packaging for our power  amplifier 
continues to shrink. The smaller 
packaging continues to perform 
well for cost and performance," 
says Eugene Brannock, Executive 
Vice President, Fujitsu Compound 
Semiconductor Inc. "Our power  
amplifier processes continue to 
evolve for the telecom handset: 
power  HEMT and HBT. Fujitsu's 
power  HEMT process continues to 
lead in the industry for applications 
requiring high power  density. Our 
HBT process has excellent perfor- 
mance and has demonstrated Fuji- 
tsu's commitment  to reliability." 
The understanding is that E- 
PHEMT is more competit ive than 
traditional PHEMT due to its single- 
supply-voltage operation. However, 
there are several points which need 
to be taken into consideration: 
* E-mode PHEMT does not offer any 
performance advantage over HBT 
* It is not trivial to manufacture 
and the lateral transistor is much 
larger than an HBT, leading to larg- 
er die sizes and higher costs 
* HBT circuits are being supplied 
by an extensive vendor  base. 
The latter is a particularly criti- 
cal consideration for high-volume 
handset providers. 
HBTs operate from a single posi- 
tive supply and do not require a 
drain switch. This is advantageous 
in terms of cost and ease of use 
over HEMTs for PAs. Linearity is 
a measure of signal quality and is 
crucial for advanced cell-phone 
Figure 3. Outlines of two Fujitsu packages. 
systems using the CDMA and TD- 
MA standards. It is also required for 
broadband 3G phones. HBT MMICs 
permit longer talk-time or data-time 
thanks to lower power; they con- 
sume zero power  in the off state, 
and don't  need the switch compo- 
nents needed by other transistors. 
Dealing with success 
The market for handsets continues 
to grow rapidly. The GaAs device 
industry is counting on further 
market pick-up via 3G data-phones 
as older handsets reach the end of 
their product  cycle. Commensur-  
ate growth will occur in the base- 
station sector as networks are 
upgraded to handle the higher 
bandwidths. 
Concluding on the earlier can- 
t ionary note, while there have 
been warnings of product ion cut- 
backs by handset makers, mobile 
telecoms has achieved so much 
momentum as to be unstoppable. 
In fact a greater concern is if the 
suppliers will be able to meet de- 
mand. So too there have been 
warnings of materials shortages 
which could have a knock-on ef- 
fect up the supply chain. These are 
but the tribulations of an industry 
coming to terms with its success 
and no doubt they will be worked 
though in due course. 
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